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PROBLEM 

Conduct surveys of biological sounds in the ocean.   In 
particular, study effects of biological sound on observed 
base ambient noise levels in the San Nicolas Basin near San 
Clemente Island, using hourly recorded samples from two 
widely separated hydrophones resting on the bottom at 60 
and 450 fathoms. 

RESULTS 

1. Of the impressive variety and quantity of biological 
sound in the samples eight types were found to be most 
prevalent. 

2. The sound types were assigned the following 
descriptive names:   Click Chorus, Rhythmic Grunt,  Motor- 
boating, Barking,  Growl,  Low-Frequency Groan,  20 c/s 
Long Pulses, and 20 c/s Short Pulses. 

3. The first three types listed were strongly diurnal, 
all showing greatest prevalence at night. 

4. Barking and 20 c/s Long Pulses were present 
during essentially all the 192 hours monitored, both at the 
shallow hydrophone and at the deep hydrophone. 

5. An almost-continuous drone of Rhythmic Grunt 
appeared to be largely responsible for an increased base 
ambient noise level that occurred in the 80 c/s to 300 c/s 
region peaking just before midnight at the deep hydrophone. 
The cause of a high plateau observed in this frequency range 
at the shallow hydrophone from 2100 to 0300 hours was not 
identified. 



6.    Peaks in the base ambient noise level at 2000 and 
0400 hours in the 160 c/s to 1000 c/s range at the shallow 
hydrophone were mainly the result of increased activity of 
the Click Chorus. 

RECOMMENDATION 

Conduct further studies at the same locations 
during the same month of the year using additional equip- 
ment to obtain d i red ional sound information and under- 
water visual information,  in order to determine the sources 
of the sounds in the area. 

ADMINISTRATIVE INFORMATION 

The work was assigned by BUSHIPS letter 688-057 of 
9 Dec 1960 and was performed under SF 001 03 16,  Task 
8529 (NEL El 1351) during the period January 1964 through 
December 1964.   The report was approved for publication 
24 May 1965. 

Acknowledgment is due G. M. Wenz, for general 
consultation and for furnishing the tape recordings and 
§ -octave-band strip-chart records for this study.   The 
author is also indebted to G. M. Wenz,  M. A. Calderon, 
and T. F. Scanlan for the field data and other information 
in NEL Report 1260 which were helpful in writing this 
report.   The field work described in NEL Report 1260 was 
accomplished under SR 004 03 01, Task 8119 (NEL L20451). 
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INTRODUCTION 

This report records the results of a survey of the 
biological sound present in a set of tape recordings obtained 
during an 8-day period in July 1963 off San Clemente Island 
in the San Nicolas Basin during sound propagation experi- 
mentation.   The results of studies of the signal and ambient 
background levels have already been reported by Wenz et 
ai,1 *   The propagation experiment involved a "shallow" 
hydrophone in 60 fathoms about 1 mile off Eel Point on the 
west shore of San Clemente Island and a "deep" hydrophone 
in 450 fathoms of water about 4 miles farther offshore to 
the west.   Both hydrophones were mounted on tripods which 
rested on the bottom.   The outputs of the hydrophones were 
recorded side-by-side on magnetic tape.   These recordings 
yielded an average of 12 minutes of ambient noise sampling 
each hour continuously over the 8 days,  15-23 July.   Details 
on instrumentation and procedure can be found in reference 1, 

The data tapes were recorded at 3.75 inches/sec. 
The recordings were played back through a three-range 
speaker system, one channel at a time, using a variable 
band-pass filter for audio analysis when necessary.   In 
addition to monitoring at normal and double tape speeds, 
listening was also performed at a playback ratio of 4 to 1 
in order to raise the low-frequency sound (down to 20 c/s) 
to more suitable listening frequencies.   The spectrographic 
equipment used was the Kay Electric Co. Sonagraph Model 
Recorder; the spectrum-time plots obtained are referred 
to in this report as "Sonagrams." 

* Superscript numbers denote references in the list at the 
end of this report. 



THE CATEGORIES OF BIOLOGICAL SOUND 

Table 1 and the first nine figures show some charac- 
teristics of the sounds found to be common in these San 
Nicolas Basin recordings.   The meanings of the terminology 
used in the table will become more clear as each sound 
type is described.    Each of the first five figures describes 

TABLE 1.    MAIN TYPES OF BIOLOGICAL SOUND HEARD 

Frequency 
Range 
(c/s) 

Max. 
S/N 
(c/s) 

Sound Pulse 

Assigned name 
Duration 

(sec) 
Period 
(sec) 

Duration 
(msec) 

Perioa 
(msec) 

1.    Click Chorus 125-1000 500   30 5 670 

2.    Rhythmic 
Grunt 50-300 125 1 5 200 350 

3.    Motorboating 120-1000 160 4 8 20 75 

4.    Barking 
("yelp") 160-2000 400 0.3 0.8   -_- 

5.    Growl 300-1500 700 3 4 3 35 

6.    Low-Freq. 
Groan 20-70 ___ 1.5 ___ -_ _ ___ 

7.    20 c/s Long 
Pulse 19.5-22 22 18 ___ _-_ 

8.    20 c/s Short 
Pulse 19-40 20 0.6 600 

one of the five most distinctive and common biological 
sounds in the recordings.   Each figure consists of at least 
one Sonagram, which shows a combination of frequency, 
time, and gross relative amplitude; a spectrum plot from a 



Single sound sample, which shows relative ^-octave level 
versus frequency; and an oscillographic photo, which shows 
voltage amplitude versus time.   Included in each spectrum 
plot is a rough approximation of the relative ambient 
background level,  indicated by a dashed-line curve.    When 
the spectrum curve rises well above the dashed curve, the 
difference is due to the biological sound plus or minus the 
error of positioning of the background curve.    However,  a 
peak at 60 c/s due to equipment hum is sometimes present. 

The names assigned to the various sounds represent 
an attempt to be as descriptive as possible, yet brief. No 
means was available for connecting any sound positively to 
any particular source; so, for example, the barking was 
not called "sea lion barking" even though the source of the 
barking in all probability was the sea lion. 

Sound 1, the cyclic Click Chorus (fig.  1), has pre- 
viously been described. 1,2•3 ^   The individual click could 
just as well be called a snap or a clap or a knock and is 
very similar to what is often heard by Navy sonarmen and 
commonly referred to as the "carpenter" sound.    The 
carpenter sound, however,  does not have the cycling or 
surging characteristic of this chorus and usually h^is a 
wider frequency range.    This sound during daylight hours 
may consist of single trains of pulses at a pulse repetition 
rate of 1.5 per second and comes in for only a few seconds 
during a 5-minute sampling period, for example.    During 
nighttime hours, however,  it always sounded like the result 
of hundreds of individuals knocking in concert typically for 
20 seconds or so and then tapering off as the result of one 
individual after another momentarily stopping.    During the 
next few seconds the number of individuals knocking would 
have decreased enough to reduce the ambient noise intensity 
by up to 10 dB.   Sometimes the number clicking was much 
smaller than usual and the clicking part of the cycle was 
shorter.   On the other hand, during the 2000 sample period, 
which was one hour after sunset, the apparent number of 
individuals clicking was at a maximum, and the density and 
intensity of the sound were at a constant high level without 
the characteristic cyclic variation. 
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Figure   1»     Sonagram,   osc i1lo gram,   and   spectrum 
plot   of   Sound   1,   the   cyclic   Click   Chorus, 
Accord ing   to   the   oscillog ram   the   durat ion   of   a 
click   is   about   10  msec.      In   the   Sonagram   the 
traces   around   time   2  seconds   are   due   to   Barking 
act ivity.      The   speed-up   of   the   tape   playhack  was 
4   to   1,   which   reduced   the   effective   width   of   the 
Sonagraph  45   c/s   analyzing   filter   to   11   c/s. 
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Sound 2, the Rhythmic Grunt (fig.  2), is similar to a 
frog croak and is very probably made by swim-bladder 
muscles, which are among the most important producers of 
sound in the fish world.   The number of pulses in a grunt 
varied from one to five, and the number of pulses in a grunt 
from an individual source showed a tendency to repeat from 
one grunt to the next.   Individual pulses were triangular in 
shape with a duration that varied between 100 and 300 msec. 
The grunt repeated at intervals that ranged between 4 and 
6 seconds.   The Rhythmic Grunt sound was present at both 
hydrophones,  mainly during the night hours. 

Sound 3,  Motorboating (fig.  3) resembles the noise of 
a one-cylinder engine running slowly.    Similar sounds 
emanate from ride vehicles in amusement parks.    Charac- 
teristically, the start of the Motorboating pulse train was 
not noticed because it was masked by background noise, 
but the sound gradually increased in intensity over its 
typical 4-second duration and then abruptly terminated. 
The pulse repetition rate was approximately 13 pulses per 
second.    Motorboating was mainly prevalent at night in 
shallow water in groups of two or more pulse trains, 
usually in train pairs.    The interval between the terminations 
of the first and second members of a pair was generally 7 
or 8 seconds.    This sound also is probably generated in a 
swim-bladder muscle system. 

Sound 4,  Barking (fig. 4),is very similar to a dog's 
barking, and most people familiar with seals or sea lions 
would without hesitation identify it as originating in this 
type of animal.    The Sonagram in figure 4 shows one com- 
bination of Barking (yelps and snorts,  alternately one and 
then the other, the yelps being the patterns that are higher 
and more extensive in frequency).   Actually, this figure 
represents just one vocalization combination.   On other 
occasions the sounds could be described as chuckling, 
chattering,  gargling, moaning, etc.   For the purpose of 
this report all these sounds will be considered as Barking. 

Sound 5, the Growl (fig.  5), is another sound that can 
almost certainly be attributed to the sea lion, because it 
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was clooely interwoven with the other sounds typical of the 
sea lion in particular and pinnipeds in general, but was 
considered separately because of its possible echo-location 
function.   The author has heard a sea lion making a very 
similar sound in air at the San Diego Zoo.   The sound con- 
sists of a pulse train lasting several seconds and usually is 
preceded by a guttural vocalization as shown in figure 5 at 
time 0. 5 second.    The pul^p repetition rate is about 30 
per second. 

Sound 6, the Low-Frequency Groan (fig. 6), is a low- 
frequency tonal sound, beginning at from 60 to 100 c/s and 
ending 1 or 2 seconds later at from 20 to 40 c/s.   At least 
some groans, such as that shown in figure 6, consist of two 
components, the fundamental and a strong second harmonic 
which dominates because of the positive correlation between 
frequency and aural response below 1000 c/s in man. 
Sonagrams A and B show the same groan, but with different 
frequency and time scale combinations, as received at the 
shallow hydrophone.   The third Sonagram shows what was 
received at the deep hydrophone.   It is matched with the 
shallow hydrophone presentation shown above it,  and the 
pair illustrates a case in which the difference in time of 
arrival indicates that the source was seaward from the 
deep hydrophone (the time difference approximated the 
maximum possible with the 4-mile separation of the 
hydrophones). 

Figures 7 and 8 illustrate with Sonagrams the two 
kinds of 20 c/s Pulses, the Long and the Short.    Such 20 c/s 
pulses, particularly short ones of approximately 1-second 
duration, have received much attention during the last 8 
years.^^ ^ ^8 ,9'10   Both types were prominent in the San 
Clemente recordings, especially the 20 c/s Long Pulses 
which were detected in all the recorded samples.   These 
Long Pulses are of two types, which have already been 
designated Types I and II.1    Samples of each are shown in 
figure 7.   Examples of Type I occurred at times 1' 30" and 
3' 45" and a good example of Type II occurred at time 0. 
The second harmonic content of the Type II Pulses is 
evident at 43 c/s and the second harmonic traces of the 

11 



■10 

00 

UJ 

y-20 

< 
00 
LU 

|-30 
o 
a 

-40 

-50 
10 

i  i i i 
100 

I  I I I 

N, 

FREQUENCY, CIS 
1000 

'ide.      More   Grunts   can   be   seen   in   this   Sonag ram 
nd   the  frequency  detail    is   spread   out   more, 
he   Grunts   beyond   time   11   sec   are   the   same   as    in 
he   lower  Sonagram,      Pour   of   the   Grunt   sounds 
eem   to   be   from   the   same   source. 

a 
T 
the 
seem   to   be   from   the   same   source. 

-i—r 
10,000 

12 



1 SECOND 

1   T 
0 

i   i  i   i T i   i   i   r  i r i 
5 10 15 

TIME, SECONDS 

1500 
•pNMlf■'•■■    **"*?' 

P^r^»*^ 

ü! 1000 o 
>-" o 

=3 
o        _ 

£  500 

i     "• r> ,   •? ... t    •   > 

' f\     ■   ''m 

4 5 
TIME, SECONDS 

Figure   S.       (Cont inued) 

13 



-10 

CO 
a 

-20 

< 
CO 

> < 
o 
o 
Q 
ce. 

-30 

-40 

■50 

•  o       • 

7^ 

—i 1—I   i   i 

FREQUENCY. C/S 

i  i i i 

10,000 10 100 1000 

Figure 3. Sonag rams, osci 
plot of Sound 3, Moto rboat 
basically a pulse train wi 
per sec. The 15-sec Sonag 
3 c/s filtering shows abou 
ponents at 13 c/s interval 
being by far the strongest 
nals can be seen at 0.5, 4 
on this Sonag ram. In the 
was made with only a 2 to 
playback (22 c/s effective 
Click Chorus and Barking s 
the   background. 

1lograms,    and   spect rum 
ing.      The   sound    is 
th   a   pulse   rate   of   13 

'ram   with   its   effective 
•,t   20   f requenc y   com- 
s,    the   one   at   150   c/s 

Ehythm ic   Grunt   sig- 
',5,   12,0,   and   15,7  sec 
4-sec   Sonag ram,    which 
1   speed-up   of   the   tape 
filter-width),    weak 

ignals   can   be   seen    in 

14 



c 
«MMWI 

;!<* 

o 
Ui 
t/l 
IT» 

1    ,      ui 
i — ^ 

# * h 
■f «.«■-% 1 • 1  . * i— 

|! n L.<=> 

if- i 
■4.1         O 

Misr^ 4r ü mL' «l         ..r 

i ;— 

1     1     1     1 
S            8 

-0
0

 

1 
o 

tr\                        CVI •—' 
S/D 'A3N3nö3ild 

„4 

hi 

: 
'•■■■■■ 

*fc* 

r - »■■•,  „ „ j'*-■ Si:| 

sal 1 

:>,*■ 

■v 

%JrftJß ..    . .   .A Uk j 

■■■.;. * v. .c- ^y»» j. j 

f!. 

I I 

m C^J CM I-H »—i 

S/0 'ADNBDÖSad 

IS 
o 

k 
3 
01 

15 



■10 

-20 

< 
QO 
LU > < 
I—  , o 
o 

I a 
Of 

-30 

-40 

■50 

10 
i  i i i 

100 
FREQUENCY, CIS 

1000 
i i i i 

10,000 

Figure  4,      Sonagram,   osc i1logram,   and   spectrum 
plot   of  Sound   4,   Barking.      The   harking   that   ex- 
tends   to  3000   c/s   can   best   be   described   as 
"yelps."     The   alternate   sounds   extending   up   to 
1000   c/s   can   best    be   described   as    "snorts," 
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plot    of   Sound   5,    the   Growl.      The   puls e~t rain 
energy   is   distributed   in   t wo   bands   centered   at 
3 75   and    750   c/s.       The   preliminary   sound   between 
times   0,2   and   0,8   sec    is   like   a   s ho rt   moan.      The 
pulse   rate   within   a   train    is   decidedly   variable 
from   pulse   to   pulse. 
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Figure   8.      Sonagram   of 20   c/s   Short   Pulses,     They 
occur   at   0,   8,    15,   and  20   sec,   exhibit   intrapulse 
frequency   shift   from   as   high   as   40   c/s,   and   are 
of  the   order   of   1   sec   in   duration,       (The   vertical 
striations   are   from   the Rhythmic   Grunt   sound,) 
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Type II tails are even more evident (38 c/s).    The overlap 
of the pulses shown in this Sonagram is typical and suggests 
the probability that the pulses are from multiple sources. 

Sounds in the 20 c/s region pose difficulties not only 
in on-the-spot study, but also in detection and monitoring. 
The main problem is that below 100 c/s human audition is 
relatively insensitive and gets rapidly worse as frequency 
goes down.    However,  an increase of speed (and frequency) 
of recorded samples by a factor of four results in an 
auditory presentation suitable for monitoring the 20 c/s 
Pulse activity without losing perspective relative to the 
other sounds. 

Figure 8 shows a series of 20 c/s Short Pulses at 
time 0,  8,  15,  and 20 seconds.    The Short Pulse charac- 
teristically shows downward frequency shift and ends close 
to 20 c/s.    Except for the average frequency and uniformly 
short duration, it is not greatly different from what has 
been called the Low-Frequency Groan.   Although the pulse 
at time 24 seconds has the characteristic shortness of a 
20 c/s Short Pulse,  it is twice as high in frequency,  and 
for the purposes of this survey is considered to be a Low- 
Frequency Groan. 

Characteristically,  20 c/s Short Pulses occur 
clustered in time.    Sometimes the pulse intervals within a 
cluster are very regular and the clusters can be considered 
as pulse trains.   Typical intervals range from about 20 
seconds to 10 seconds.    Sometimes the pulse intervals are 
very irregular and also not readily interpreted in terms of 
multiple sources.    Usually,  a pulse cluster begins abruptly 
and ends abruptly.    The 20 c/s Short Pulses found in this 
survey generally had very low signal-to-noise racio and 
some were almost completely masked by the 20 c/s Long 
Pulses.    For this reason an attempt to establish the num- 
ber of sources and pulse interval would not be worthwhile. 

Figure 9 shows a mixture of 20 c/s Short and Long 
Pulses as well as other biological sound.   In figure 9A 
Short Pulses can be seen at 0 and 13 seconds,  while the 
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Rhythmic Grunt sound is prominent throughout.   The Grunt 
at -1.5 seconds is really four grunts in rapid succession 
with frequency components at 40 c/s intervals.   In con- 
trast, the Grunter that sounds at 5,  9,  13,  and 18 seconds 
makes a single grunt with frequency components at 25 c/s 
intervals.   The Motorboating sound is illustrated at 2 sec- 
onds and 11 seconds as a series of harmonic-component 
lines.   Component spacing corresponding to a pulse repe- 
tition rate of 13 per second is apparent.   As mentioned 
above and illustrated in figure 9A,  the onset of this sound 
is unobtrusive,  and the pulse-train intensity gradually in- 
creases during its 5-second duration to a dramatic climax 
followed by 4 seconds of silence before a repetition of the 
pulse train.    Pairing of Motorboating pulse trains,   such as 
shown here, is a common occurrence. 

Figures 9B and 9C show five 20 c/s Short Pulses 
from -7 seconds to +44 seconds.    As shown in figure 9C, 
the first, third,  and fourth seem to shift from 28 c/s down 
to 19 c/s and appear at intervals of 20 seconds, approxi- 
mately,  a characteristic interval for 20 c/s Short Pulses 
in this part of the Pacific.   On the other hand, the second 
and fifth Short Pulses seem to be two of a kind, shifting 
from about 35 c/s down to about 22 c/s,  and are separated 
by a long 45-second interval. 

Figure 9C also shows a typical Type I 20 c/s Long 
Pulse beginning at time -68 seconds and lasting roughly 
20 seconds,  and a typical Type II 20 c/s Long Pulse begin- 
ning at -20 seconds,  shifting from 22 to 19.5 c/s a4. -6 
seconds,  and terminating at -2 seconds.    This latter sample 
also shows a strong second harmonic.    The other 20 c/s 
Long Pulse activity is indistinct,  probably because the 
sources involved are at greater distances. 
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Figure   9,      Sonagrams   showing   a   combination   of 
20   c/s   Short   Pulses   and   Long   Pulses,   Rhythmic 
Grunts    (vertical   striations   between  50   and   150   c/s) 
and  Motorboating   (closely-spaced   horizontal   lines  #, 
in   the   top   Sonagram   between   120   and   180   c/s). 
The  frequency  detail   of   the  Motorboating   sound 
rather   than   the   time   detail   of   its   ind i v idual 
pulses   is   emphasized   in   this   case   because   of   the 
great    (16   to   1)   speedup   of   the   tape  playback, 
which   resulted   in   an   effective   analyzing  filter 
bandwidth   of 3   c/s   and   great   time   compress ion. 
All   three   Sonagrams   are  from   the   shallow   hydro- 
phone   output   and   have   the   same   zero   time   reference. 
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PATTERNS OF OCCURRENCE 

The results shown in figures 10 and 11 indicate in 
how many days of the 8-day total the individual sounds 
were present during a particular hour of the day, but do 
not indicate the frequency of occurrence within the sample, 
the number of sources involved, or any measure of signal 
level.   Because of the great fluctuation in the means from 
one hour to the next the curves were smoothed, using the 
method of running averages.11   Three of the sounds tabu- 
lated were heard exclusively from the shallow hydrophone: 
the Click Chorus,   Motorboating,  and Growl.    As suggested 
by figure 10, the cyclic Click Chorus was always present 
during night hours,  while in only about half of the days was 
it present at all around midday.    This type of graph does 
not do justice to the diurnal nature of this sound,  since the 
number of sources and density of the sound are so much 
greater during the night hours.   As can be seen in figure 10, 
the Rhythmic Grunt diurnal characteristic was different at 
the two hydrophones.   The sound's frequency of occurrence 
increased gradually from early afternoon until early eve- 
ning at the shallow hydrophone and until late evening at the 
deep hydrophone.    It seldom was noted after 0100 at the 
shallow hydrophone and after 0400 at the deep hydrophone. 

A sound that was always present was Barking. 
Barking was heard in all samples from both hydrophones. 
On the other hand,  the least common of the sounds tabulated 
was the Growl sound.   It was present in only 23 of the 
samples and all of these were from the shallow hydrophone. 
These data are shown in figure 11.    The Growl sound 
seemed to be one of a large variety of pinniped-type sounds 
and was of interest because of its possible functional im- 
portance, for instance, to a pinniped pulse train "sonar." 
The fact that this sound was almost never heard during the 
night hours may be due to the higher ambient background 
levels at night,  together with the relatively low signal level 
of the Growl.    Weak pulse trains of similar pulse repetition 
rate and frequency range,  but without the characteristic 
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Figure   11.      Diurnal   distribution   curves  for  sounds 
with   little   d'urnal   patterning,    based   on   the 
number  of   howly  samples   in   which   a   part icular 
sound   was   heard,    regardless   of   how  many   times 
within   a   sample   it   was   repeated.     Al though   the 
Low Frequency   Groans   and   20   c/s   Short   Pulses   were 
characteristically  of   low   count   per  sample,    they 
were   well   distributed   throughout   the   samples, 
The   distributions   of  20   c/s   Long   Pulses   and  Bark- 
ing  fall   essentially  on   the   100   percent   line   of 
the   graph.      The   curves  for 20   c/s   Pulses   and  Low 
Fre quency   Groans   are   based   upon   pres enc e   of   a 
sound   in   either   the  deep   or  shal low  hydrophone   0 r- 
both.     The   Growl   sound   vas   heard   only  from   the 
shallow  hydrophone. 

30 



laryngeal quality of the Growl, were noticed in 17 of the 
deep hydrophone samples but were not dealt with further. 

The rest of the sounds tabulated were low-frequency 
sounds,  made prominent aurally only by speedup of the 
playback transport.    Those termed Low-Frequency Groans 
occurred only a limited number of times during a sample 
period, yet they showed great probability of occurring 
within sample periods during any time of the day,  as shown 
in figure 11.   The 20 c/s Short Pulses were also rather 
sporadic, but occurred in most samples listened to and 
during essentially all of the samples in the 2000 to 2200 
period.    The 20 c/s Long Pulses are not included in these 
graphs because they were always detectable,  even if very 
weak, within some part of each sample period during every 
hour of the day.    The mean maximum S/N per sample (in a 
one-third octave band centered at 20 c/s) was 18.7 dB at 
the deep hydrophone and 23.4 dB at the shallow hydrophone. 
The Groans and Short Pulses occurred at both hydrophones 
about equally,  and the curves represent presence of the 
sound in either or both hydrophones. 

■ 

Figure 12 shows the mean number of 20 c/s Long 
Pulses,  Short Pulses,  and Low-Frequency Groans per 
sample as a function of time of day.    As in figures 10 and 
11 the curves here were plotted using the method of running 
averages.    The number of Low-Frequency Groans increases 
sharply at 2000 at both hydrophones,  while the peak num- 
ber of 20 c/s Short Pulses occurs at 2100.    Around 0400, 
just before dawn,  occurs a peak number of 20 c/s Long 
Pulses and what appear to be secondary peaks in the Short 
Pulses and Low-Frequency Groans.    As explained earlier, 
the decision was made to include a short pulse well above 
20 c/s but below 100 c/s,  not with the 20 c/s Short Pulses, 
but rather with the Groans (with which the questionable 
pulses were compatible in frequencies,  but not in duration). 
The 20 c/s Pulses and the Low-Frequency Groans are 
obviously from powerful,  distant sources (judging from the 
fact that the same pulses are heard on hydrophones 4 miles 
apart at approximately the same S/N).    A correlation in 
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particular   time   of  day,   divided   by   the   number   of 
days.      The   curves   were   smoothed   arithmetically. 
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count for the hydrophones appears to exist,  as shown in 
figure 12; the difference between the deep and shallow 
water curves is very minor, as would be expected should 
most of the pulses heard at one hydrophone be the same as 
those heard at the other. 

DISCUSSION 

Reference 1 describes and discusses the cyclic Click 
Chorus, the Barking, and the 20 c/s Long Pulses.   An 
effort will be made in the present discussion to avoid un- 
necessary repetition of material in that report. 

The listening performed in the study reported here 
has resulted in some conclusions as to the cause of certain 
diurnal variations in the minimum ambient background 
levels.   Figures 2,  3,  and 4 of reference 1,  diurnal curves 
of (minimum) ambient levels,  show the following phenomena: 
(1) In the shallow hydrophone output,  increases in the 
ambient background were noted between 2000 and 0400 in 
the 125 to 1000 c/s region with sharp peaks at 2000 and 
0400 hours (particularly in the 160 and 500 c/s region). 
(2) In the deep water the nocturnal increase was limited to 
the hours 2200 to 2400 in the frequency range 80 to 250 c/s, 
particularly between 100 and 160 c/s.    Figure 13 was pre- 
pared from the 19-21 July data of reference 1 to emphasize 
these effects for shallow and deep hydrophones. 

In figure 13(S), the general background spectrum at 
the shallow hydrophone before 2000 and after 0400 is shown 
as the dashed-line base, and the other curves are the 
spectra of base background level for the times indicated. 
The listening session made it abundantly clear that the 
2000 hours curve is a result of the Click Chorus, which at 
this time of day was strong and continuous without cyclic 
fluctuation with time.    By 2100 hours the chorus was re- 
duced in density and intensity and was cyclic again.   It 
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remained subdued during the middle night hours and had 
little, if any, effect upon the midnight spectrum curve.   By 
0400 hours the Click Chorus had increased in intensity 
again and probably was the controlling agent for the base 
noise spectrum at this hour.   However, it now was some- 
what cyclic in nature and was less intense than at 2000 
hours. 

The question as to what the shallow hydrophone base 
spectrum around midnight [fig. 13(S)] should be attributed 
is unanswered at present.   The Motorboating sound is 
probably responsible for the raised level in the 150-to-500 c/s 
region, since it was present in many of the samples 
representing this hour and in a wide range of intensities. 
But the cause of the raised spectrum below 150 c/s remains 
a mystery. 

In figure 13(D), the dashed-line base represents the 
minimum levels just before and after 2300 hours at the 
deep hydrophone.    The curve for the peak in the base 
ambient noise occurring at approximately 2300 hours is 
compared here with the spectrum curve for the Rhythmic 
Grunt sound, which around this hour was a dominant drone 
at these frequencies.   The Grunt whose spectrum is shown 
is from the shallow hydrophone output.   Closer correspon- 
dence could have been obtained using a different Grunt 
sample,  particularly one from the output of the deep hydro- 
phone.   A typical grunt density during this period was 60 
to 80 distinct grunts per minute, which, assuming a typical 
grunt duration of 500 msec, leaves very little time un- 
occupied by pulses of this sound.   Presumably indistinct 
Rhythmic Grunts were also present, filling in the "silent" 
intervals. 

The shallow hydrophone picked up fewer grunts, but 
a high proportion of them had a good S/N.    Some shallow 
hydrophone Rhythmic Grunts had the spectrum shown, but 
others had a spectrum very similar to the 2300 curve 
between 60 and 300 c/s.   On the other hand, all the Rhythmic 
Grunts recorded from the deep hydrophone seemed to be of 
the type having good level at 100 c/s like the 2300 spectrum. 

■ 
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Consequently, the Rhythmic Grunt sound is a prime suspect 
as the main cause of the elevated base ambient noise 
spectrum at 2300 hours in the deep water case. 

In addition to being lower in frequency, on the 
average, the Rhythmic Grunts at the deep hydrophone were 
characterized by a slower repetition rate.   Checks on 
widely scattered samples showed the following means of 
the Grunt repetition rate:    at the shallow hydrophone, one 
per 4.39 sec ±0.056 (SE), one per 4.55 sec ±0.055 (SE), and 
one per 4.12 sec ±0.054 (SE); at the deep hydrophone, one 
per 5.04 sec ±0.053 (SE) and one per 5.68 sec ±0.13 (SF).* 
An additional sample checked for timing was part of a 15- 
minute towed-array sample recorded on SALUDA (IX 87) 
sailing at 5 knots in 6-fathom water off Black Warrior 
Lagoon, B. C.   This sample, which was recorded on 
9 February 1965, seemed almost identical to some of the 
San Clemente shallow samples and also revealed a very 
similar repetition rate:   one per 4.28 sec ±0.060 (SE). 

The most mysterious of all the sounds, of course, 
were the 20 c/s Long Pulses.   They were present in every 
sample.   Although the mean maximum S/N per sample was 
18.7 dB deep and 23.4 dB shallow, many other Long Pulses 
were just audible.   One explanation for the generally 
greater S/N in the shallow-hydrophone channel for 20 c/s 
Pulses both Long and Short is the rapid slope off of the 
deep hydrophone response below 40 c/s, which for the 
analysis band centered at 20 c/s could emphasize the noise 
background in the top half of the band more than the 20 c/s 
Pulses. 

* SE = standard error of the mean 
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The mean number of 20 c/s Long Pulses per sample 
(10.9 deep and 14.6 shallow) corresponds to about 55 and 73 
per hour, respectively, or of the order of one per minute. 
The counting was influenced by interpretation as to what 
constituted a Pulse, because at times the sounds were 
superimposed on each other causing a continuous and 
multiple jumble of sound.   Counting was particularly sub- 
jective when the sounds were barely audible.   For these 
reasons quantitative description of the Long Pulses, such 
as in figure 12, is open to question.   This report does not 
describe all the variety of sounds observed, but only the 
frequent, repetitive sounds, especially those that have 
substantial influence on overall ambient levels.   Of the 
other sounds, infrequent and sometimes obscure, one de- 
serving at least passing comment can best be described as 
consisting of isolated clicks or pops doubtless from bio- 
logical sources.   Although these clicks and pops were 
sparsely spread, so that they had no effect upon mean 
ambient levels, they were found in at least 50 percent of 
the deep samples and 10 percent of the shallow samples. 
They were also slightly more frequent from midnight to 
noon than from noon to midnight. 

Wenz  has discussed the phenomenon of hearing 
pinniped barking from a bottom-mounted hydrophone at 
360 ft depth,  and the implication was that the pinniped may 
be capable of barking while completely submerged.   In the 
present study the deep receiving hydrophone at 2700 feet 
(450 fathoms) picked up pinniped sounds with good S/N. 
DeVries and Wohlschlag13   have recorded dives of the 
Weddell seal in Antarctica to depths of approximately 
1150 feet. 

The National Science Foundation has recently re- 
ported (through a publicity release13) that:   (1)   The sub- 
merged Weddell seal produces a wide variety of noises 
without opening its mouth or nostrils.    (2)   The seal sounds 
are heard at depths of hundreds of feet.    (3)  Scuba divers 
associate certain throat and head movements with particu- 
lar sounds.   In addition,  Schusterman,  Kellogg, and Rice14 
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have reported barking from California sea lions submerged 
in a laboratory pool. 

From the foregoing observations and from the fact 
that the pinniped signal levels in the July 1963 San Clemente 
tests at the 450-fathom hydrophone were well above the 
background noise,  it seems reasonable to assume that the 
pinniped sound sources were submerged and possibly 
deeply submerged. 

Finally, mention must be made of the fine listening 
conditions which resulted in such good S/N for the biological 
sound.   In 69 percent of the hours sampled there was no 
noticeable propulsion sound at either hydrophone, and 
other man-made sounds such as sonar pinging were even 
more rare.   Such conditions are remarkable for a coastal 
area so close to shipping lanes and show it to be a good 
site for further study of ambient noise phenomena. 
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CONCLUSIONS 

Principal conclusions from analyzing the sounds in 
the recorded samplings of 192 hours, from both deep water 
and shallow water, are: 

1. The Rhythmic Grunt sound was the cause of the 
raised level of the minimum ambient background noise in 
the 100-c/s-to-160-c/s frequency region at the deep hydro- 
phone just before midnight. 

2. In shallow water the peaks in the minimum am- 
bient noise levels in the 160-c/s-to-1000-c/s frequency 
region at 2000 and 0400 hours were due to the Click Chorus 
sound. 

3. The Motorboating sound is one of the agents 
responsible for the ambient noise hump at the shallow 
hydrophone during the hours around midnight. 

A dominant sound feature,  which may have played a 
part in the base ambient noise levels at any hour and at 
either hydrophone, was the widely varied Barking sound. 
Furthermore, although at first ignored as an irrelevant 
and hardly heard, low-frequency disturbance, the 20 c/s 
Long Pulses were found to be an omnipresent fundamental 
in the symphony of sound in the San Nicolas Basin. 
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